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(54) Method for controlling the sheet resistance of thin film resistors 



(57) A method for controlling the sheet resistance of 
thin film resistors. The sheet resistance can be inexpen- 
sively controlled within a tight tolerance by determining 
a desired final value for the sheet resistance of thin film 
resistor material to be deposited on a substrate, depos- 
iting the resistor material on the substrate using a dep- 
osition process which is consistent enough to achieve 
a target sheet resistance within a first specified toler- 



ance, the resistor material being deposited to achieve a 
target sheet resistance which is equal to the desired final 
value minus the first specified tolerance, and removing 
a small amount of material from the surface of the de- 
posited thin film resistor material by etching or ion bom- 
bardment to raise the sheet resistance to the desired 
final value within a second specified tolerance charac- 
teristic of the removing process where the second spec- 
ified tolerance is less than the first specified tolerance. 
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Description 
Technical Field 

[0001] A method for producing thin film resistors to a 
tighter sheet resistance specification. 

Background and Summary 

[0002] Thin film resistors are used in most GaAs and 
InP devices and integrated circuit fabrication processes, 
in thin-film substrate manufacturing, and in some Si 
processes. The resistor sheet resistance typically has a 
specified tolerance of ± 1 5%, although with special care 
in fabricating the thin film resistors, the resistor sheet 
can be controlled to ± 1 0%. However, for many integrat- 
ed circuit designs it would be of a great advantage to be 
able to control the sheet resistance t;. a much tighter 
tolerance. This is especially true in very high speed in- 
tegrated circuits where resistor values need to be con- 
trolled well in impedance matching circuitry. 
[0003] One method of achieving tight control of the re- 
sistor sheet resistance is to re-process any thin film that 
does not have the desired sheet resistance by stripping 
the thin film and re-depositing it. However, such a pro- 
cedure essentially doubles the cost of processing the 
thin film resistor. Therefore, a need exists for inexpen- 
sively controlling the sheet resistance of thin film resis- 
tors to within a tight tolerance of their targeted value. 
[0004] The present invention addresses this need. 
More particularly, a disclosed method of the invention 
improves the tolerance of thin film resistors to within ± 
3% or better with minimum additional processing ex- 
pense. To this end, the disclosed method for controlling 
the sheet resistance of thin film resistors comprises de- 
termining a desired final value for the sheet resistance 
of thin film resistor material to be deposited on a sub- 
strate. The thin film resistor material is deposited on the 
substrate using a deposition process which is consistent 
enough to achieve a target sheet resistance for the de- 
posited thin film resistor material within a first specified 
tolerance. The thin film resistor material is deposited by 
the deposition process to achieve a target sheet resist- 
ance which is equal to the desired final value minus the 
first specified tolerance. A small amount of material Is 
then removed from the surface of the deposited thin film 
resistor material by an etching or ion bombardment 
process to raise the sheet resistance to the desired final 
value within a second specified tolerance characteristic 
of the etching or ion bombardment process, where the 
second specified tolerance is less than the first specified 
tolerance. The etching process employed in a preferred 
embodiment uniformly removes material from the sur- 
face of the deposited thin film resistor by argon sputter 
etching. 

[0005] According to the disclosed, preferred embodi- 
ment, the method further comprises, after the thin film 
resistor deposition, measuring the sheet resistance of 



the deposited thin film resistor material by measurement 
or calculation, determining the thickness of the depos- 
ited thin film resistor material, calculating the thickness 
of the deposited thin film resistor material needed to be 
5 removed to raise the sheet resistance to the desiredfinal 
value, and calculating the time for performing the remov- 
ing process to remove the calculated thickness needed 
to be removed based on a measured removal rate for 
the removing process. Further, the method includes pat- 
to terning a thin film resistor from the thin film resistor ma- 
terial on the substrate. The patterning can be performed 
before or after the sheet resistance is raised to the de- 
sired final value. The invention advantageously permits 
the thin film resistor sheet resistance on critical integrat- 
es ed circuit designs to be controlled to better than ± 3% 
with minimum additional processing expense. 
[0006] These and other objects, features and advan- 
tages of the present invention will become more appar- 
ent from the following description of a preferred embod- 
20 iment of the invention. 

Brief Description of the Drawings 

[0007] Fig. 1 A is an enlarged side view of a substrate 
25 with a thin film resistor material deposited thereon ac- 
cording to the invention to achieve a target sheet resist- 
ance R s which is equal to a desired final value for the 
sheet resistance minus a specified tolerance of the dep- 
osition process. 
30 [0008] Fig. 1B is an enlarged side view of the sub- 
strate with thin film resistor material of Fig. 1 A after re- 
moval of a small amount of material uniformly from the 
surface of the thin film resistor material by argon sputter 
etching the material to raise the sheet resistance thereof 
35 to the desired final valve within a specified tolerance of 
the etching process. 

[0009] Fig. 2 is a flow chart of steps in a method of 
the invention, Process 1 on the left side being for the 
case where the resistor material is patterned before the 
40 sheet resistance is adjusted to within ±3% or better and 
Process 2, on the right side of the flow chart, being for 
the case where the resistor material is patterned after 
the sheet resistance is adjusted. 

45 Detaiied Description 

[0010] Referring now to the drawings, a thin film re- 
sistor 1 made according to the method of the invention 
is depicted in Figure 1 B. The resistor 1 comprises a thin 

so film resistor material 2 supported on a substrate/wafer 
3. The thin film resistor can form part of a very high 
speed integrated circuit such as a GaAs or InP integrat- 
ed circuit device. The method of the invention for form- 
ing the thin film resistor 1 includes first depositing the 

55 thin film resistor material 2 on the substrate 3 at a sheet 
resistance that is less than the desired final value. See 
Fig. 1 A. The resistor material is deposited by evapora- 
tion or sputter deposition. For example, if the deposition 
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process is consistent enough to achieve the target sheet 
resistance within ± 10%, the thin film resistor material 2 
is deposited at a sheet resistance equal to 90% of the 
desired final value. This results in all initial thin film sheet 
resistances being in a range of 80% to 1 00% of the de- 
sired final sheet resistance. 

[0011] The sheet resistance is raised to its final value 
by etching, preferably using an Ar sputter etch or an ion 
bombardment to remove a small amount of material, the 
thickness of which is denoted at 4 in Figure 1 B, from the 
surface of the thin film resistor. This is accomplished by 
first measuring the thin film resistor sheet resistance, 
then etching the thin film resistor in the argon sputter 
etch for a time that has previously been calibrated. Since 
it is possible to controllably remove material in the argon 
sputter etch to within a few angstroms, the thin film re- 
sistor sheet resistance can be controlled routinely to 
within ± 3% of its target value. 

[001 2] The resistor material 2 in the disclosed embod- 
iment is NiCr, but the process is applicable to all types 
of thin film resistor material , such as other high resistivity 
materials including TaN, CrSi and CrSiO, as well as low- 
er resistivity materials including Ti, TiSi 2 , W, Mo, Au, Ag 
and various metals. The thickness of the thin film resis- 
tor material 2 can range from less than 50 A to in excess 
of 50,000 A. The initial sheet resistance of the deposited 
material 2 on the substrate in Figure 1 A can be greater 
than 1 0 6 ohms/square to less than 0.1 ohm/square, de- 
pending upon the design criteria . The desired final value 
for the sheet resistance is whatever has been specified 
as the target value and as noted above has a typical 
specified tolerance of about ± 1 5%, with an actual range 
of more like± 10%. 

[0013] Argon is the preferred sputter etch gas, but the 
process of the invention is amenable to the use of any 
other gas which can remove the resistor material by 
etching or by ion bombardment. The argon sputter etch 
conditions are adjusted for the sputter etch system to 
provide a uniform etch at an etch rate that will take off 
the required amount of material in a reasonable time, e. 
g., within a range of about 10 seconds to several min- 
utes. Conditions of the sputter etch vary considerably 
depending on whether the etch system is a single wafer 
machine or a batch machine. An example of ranges for 
typical process parameters are: power, tens of watts to 
greater than 1,000 watts; voltage, tens of volts to 100s 
of volts; pressure, tens of uXorr to several Torr; and gas 
flow, less than 1 0 cc/min to greater than 100 cc/min. 
[001 4] The parameters are preferably adjusted to re- 
move less than .1 % to greater than 3% of the total re- 
sistor material in about 10 seconds. Similar etch rates 
would be desirable for any other material used to ion 
bombard or chemically etch the thin film resistor mate- 
rial. 

[0015] To establish a calibrated etch time to achieve 
a desired final thin film sheet resistance for the resistor 
1 in Figure 1B after deposition, the sheet resistance of 
the thin film resistor materia! 2 in Figure 1 A is measured. 



The thickness of the thin film resistance material in Fig- 
ure 1 A is then determined, either by measurement or 
calculation based upon its thickness assuming a fixed 
resistivity. The thickness 4 of the resistance material that 

5 must be removed to achieve the final target sheet re- 
sistance value is then calculated. The time that the thin 
film resistor material 2 must be etched to remove the 
thickness 4 is then calculated based on the previously 
measured etch rate of the sputter etch (orchemical etch) 

10 employed for removing the resistor material. These 
steps are shown in the flow chart of Figure 2. Process 
1 , depicted by thin film resistor cross sections in Figures 
1 A and 1 B, therein indicates that the resistor can be pat- 
terned on the substrate before the sheet resistance is 

is adjusted to within ± 3% or better. Process 2 patterns the 
resistor after the sheet resistance is adjusted. 
[0016] The method of the invention enables the inte- 
grated circuit manufacturer to control thin film resistor 
sheet resistance to within a tight tolerance of the target 

20 value with minimum additional processing expense. The 
invention can be used to control the sheet resistance of 
thin film resistors on any type of integrated circuit orsub- 
strate that uses thin film resistors in its circuitry. 
[0017] While I have shown and described only one 

25 embodiment of the present invention herein, it will be 
readily understood by the skilled artisan that variations 
of the method for controlling the sheet resistance of thin 
film resistors are possible without departing from the 
scope of my invention. Therefore, I do not wish to be 

30 limited to the details shown and described herein but 
intend to cover all such chances and modifications as 
are encompassed by the scope of the appended claims. 



35 Claims 

1 . A method for controlling the sheet resistance of thin 
film resistors, comprising: 



40 



45 



50 



55 



determining a desired final value for the sheet 
resistance of thin film resistor material to be de- 
posited on a substrate, 

depositing said thin film resistor material on 
said substrate using a deposition process 
which Is consistent enough to achieve a target 
sheet resistance for the deposited thin film re- 
sistor material within a first specified tolerance, 
said thin film resistor material being deposited 
by said deposition process to achieve a target 
sheet resistance which is equal to said desired 
final value minus said first specified tolerance, 
and 

removing a small amount of material from the 
surface of the deposited thin film resistor mate- 
rial by one of an etching and ion bombardment 
removing process to raise the sheet resistance 
to said desired final value within a second spec- 
ified tolerance characteristic of said removing 
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process, said second specified tolerance being 
less than said first specified tolerance. 

2. The method according to claim 1 , further compris- 
ing, after said depositing, measuring the sheet re- 
sistance of said deposited thin film resistor material, 
determining the thickness of said deposited thin film 
resistor material, calculating the thickness of said 
deposited thin film resistor material needed to be 
removed to raise the sheet resistance thereof to 
saic desired final value, and calculating the time for 
performing said removing process to remove said 
calculated thickness based on a measured removal 
rate lor said removing process. 

3. The method according to claim 2, wherein said de- 
termining the thekness of said deposited thin film 
resistor material is accomplished by measuring the 
deposiicd thin film resistor material. 

4. The method according to claim 2, wherein said de- 
termining the thickness of said deposited thin film 
resistor material is accomplished by calculation us- 
ing said measured sheet resistance and a reference 
characteristic for said material relating thickness 
and shoot resistance. 

5. The method according to claim 1 , and further com- 
prising 

patterning a thin film resistor from said thin film 
resistor material on said substrate. 

6. The method according to claim 5, wherein said pat- 
terning is done before the sheet resistance is raised 
to said desired final value. 

7. The method according to claim 5, wherein said pat- 
terning is done after the sheet resistance is raised 
to said desired final value. 

8. The method according to claim 1 , wherein: 

the deposition process is selected from the 
group consisting of evaporation and sputter 
deposition. 

9. The method according to claim 1 , wherein said 
small amount of material is removed uniformly from 
said surface of the deposited thin film resistor ma- 
terial in a time within the range of from about 1 0 sec- 
onds to several minutes. 

10. The method according to claim 1 , wherein: 

the substrate is a GaAs or InP integrated circuit 
substrate. 



11 . The method according to claim 1 , wherein: 

the removing step includes an Argon sputter 
etching. 
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Figure 1 A Figure 1B 
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Figure 2 
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